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Summary

The Southwest Washington Coastal Erosion Study (SWCES) is a multi-year multidis-
ciplinary investigation of the coastal region between Tillamook Head, Oregon, and
Point Grenville, Washington, cosponsored by the U.S. Geological Survey (USGS) and
the Washington State Department of Ecology. The Spring 2001 Grays Harbor Sediment
Transport Experiment consisted of a series of measurements made near the entrance to
Grays Harbor between May and July, 2001. This report describes data obtained during
the spring 2001 experiment.

The objective of the spring experiment was to measure wave conditions during the time
when beaches typically rebuild and to collect more comprehensive sediment-transport
measurements. This portion of the experiment was accomplished by deploying six
tripods near the entrance to Grays Harbor, Washington. These tripods contained pres-
sure sensors, acoustic Doppler profilers, acoustic Doppler velocimeters, optical and
acoustic backscatter sensors, and sonar instruments to measure waves, tides, currents,
suspended sediments, and small-scale bottom morphology. Profiles of water conductiv-
ity and temperature as a function of depth (CTD profiles) were performed during the
processes experiment, and sediment samples from the beach and instrument sites were
collected. High-quality data were recovered from most of the instruments and have been
included in this report. Instrument malfunctions and apparent discrepancies that should
be taken into account during the interpretation of these data are described in this report.

To document seasonal morphological changes over the nearshore, a section of beach
within the study area was regularly surveyed. Beach morphology measurements were
initiated on March 29, 2001, with a baseline survey. During the above-mentioned period
of oceanographic data collection, dense topographic surveying of the stretch of beach
from the Grays Harbor North Jetty in Ocean Shores, Wash., to 4-km north of the North
Jetty was performed weekly. Offshore of this 4-km section of beach, monthly surveys

of nearshore bathymetry were collected along twenty 200-m-spaced transects. Beach
profiles were also typically collected monthly along 6 cross-shore beach profile lines
spaced at 1 km intervals from 4-km north of the North Jetty to approximately 10 km
north of the North Jetty. A final survey was performed one month following the comple-
tion of the processes experiment.

It should be noted that these measurements supplement data collected in an earlier
experiment conducted in autumn 1999 (Gelfenbaum and others, 2000). The objectives

of the autumn measurements were (1) to calibrate and verify numerical models of wave
transformation (primarily refraction and shoaling) and (2) to provide information about
bottom sediment size, waves, currents, and suspended-sediment concentrations for use
in calculations of sediment transport. The autumn data collection period included a wide
range of wave conditions and several large storms.

This report contains descriptions of the instruments used during the experiment, the
calibrations associated with the instruments, and the setup of the instruments during



the experiment. The discussion of the data recovery includes plots of most of the data
collected during the experiment, detailed lists of known data problems, preliminary
processing, and a discussion of preliminary results. The data from the experiment are
provided on the accompanying DVDs, as is a digital copy of this report, pressure sensor
calibration files, and several algorithms designed for processing the data.

Several general conclusions can be made from the data:

(1) Temperature and density are inversely related in the spring-time CTD profiles,
warmer fresher water overlies colder denser water, which is a reversal from the pro-
files collected during winter 1999 where the deeper, denser water was warmer than
the overlying, fresher water.

(2) Stratification occurs during the milder summer wind conditions.

(3) The stratified water column allowed for the decoupling of velocities at the top of the
water column from those at the bottom. Near-bottom currents tended to flow north-
ward (and off-shore at two of the three sites monitored), where as surface currents
tended to flow southward and onshore.

(4) The threshold for sediment movement, based on analysis of the grain roughness
Shields parameter, was exceeded throughout the experiment, at least at the two
inshore sites.

(5) The shoreline prograded 10 to 20 m. This change was dominated by onshore bar
migration, trough infilling, and sub-aerial sediment accumulation.

(6) Virtually all morphological change occurred between the -6 and +3 m (mean lower
low water - MLLW) contours.

Data and conclusions provided in this report are preliminary and may contain errors that
remained undetected in routine quality-control checks. Future analysis may modify some
values. Therefore, these data are provided to and accepted by the user with any accom-
panying faults and defects. Any person or entity that relies upon information generated
by or obtained herein does so at their own risk.
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INTRODUCTION

1.1 Southwest Washington Coastal Erosion Study

The Southwest Washington Coastal Erosion Study (SWCES) is a multi-year multidisciplinary
investigation of the Columbia River littoral cell (CRLC), a 165-km-long coastal region between Tilla-
mook Head, Oregon, and Point Grenville, Washington. The study is cosponsored by the U.S. Geo-
logical Survey (USGS) and the Washington State Department of Ecology (WSDOE). The study was
initiated in 1996 in response to several erosion crises on a coast that had been prograding for most of
the 20th century (Gelfenbaum and others, 1997; Kaminsky and others, 1997). The goals of the study
were to improve scientific understanding of coastal morphodynamics and sedimentary processes, to
determine natural and anthropogenic influences on the littoral system, and to provide information and
predictions of coastal change on scales suitable for management of coastal resources.

1.2 Grays Harbor Wave Refraction Experiment, Autumn 1999

The Grays Harbor Wave Refraction Experiment, conducted in autumn 1999, was designed
to provide information that can be used to improve predictive numerical modeling of shoreline
change. The objectives of the Grays Harbor Wave Refraction Experiment were:

(1) Provide data to calibrate and verify numerical models of wave transformation (primarily
refraction and shoaling) near the entrance to Grays Harbor, and

(2) Provide measurements of bottom sediment size, waves, currents, and suspended-sediment
concentrations for calculations of sediment transport.

The experiment was conducted from October to December, 1999, because analysis of histori-
cal data indicated that wave height and direction of wave approach was especially variable as North
Pacific weather patterns shifted from autumn to winter (Tillotson and Komar, 1997). A deploy-
ment at this time provided a range of wave conditions with which to calibrate wave transformation
models. Measurements were made using six instrumented tripods deployed near the entrance to
Grays Harbor. Mounted on the tripods were sensors for measuring wave- and tide-induced pressure
elevations, currents, and suspended sediments. These instruments included pressure transducers,
single-point, three-axis acoustic Doppler velocimeters (ADVs), upward-looking acoustic Doppler
profilers (ADPs), and optical backscatter sensors (OBS).

In addition to the instrumented tripods, bottom sediment grab samples were taken at several loca-
tions, including all tripod sites, and profiles of water conductivity, temperature, and depth (CTD) were
collected. The grab samples were obtained for calibration of the OBS deployed on the tripods and to
aid in interpretation of acoustic backscatter data from previously collected side-scan sonar and multi-
beam surveys. The CTD profiles were collected to aid in the interpretation of the velocity profiles.

Data collection methods, preliminary results, and the collected data are available in the Grays
Harbor Wave Refraction Experiment 1999: Data Report, U.S. Geological Survey Open-File Report
00-404, by Gelfenbaum and others (2000). This report can be accessed at
http://pubs.usgs.gov/of/2000/0f00-404/.

1.3 Grays Harbor Sediment Transport Experiment, Spring 2001

The Spring 2001 Grays Harbor Sediment Transport Experiment was designed to extend and
complement the autumn 1999 experiment and provide wave, current, and sediment-transport
measurements during the transition from winter to summer conditions. The experiment period



included the beginning of the summer upwelling season, when winds are predominantly from the
northwest and the storm tracks shift north. Waves are typically smaller in summer, and the beach
tends to accrete. Timing was also intended to overlap with experiments conducted by the U.S.
Army Corps of Engineers (USACE) and their contractors.

Many of the same instruments deployed during the autumn 1999 experiment were redeployed
in spring 2001, and four of the measurement locations were reoccupied. New sites were chosen to
provide more detailed information about incident waves and currents north of the entrance to the
harbor. Tripods were deployed at a shallow (~9-m MSL) inner shelf location off North Beach to
measure conditions just outside the surf zone. Bottom grab samples and conductivity, temperature,
and depth (CTD) profiles were collected, and repetitive bathymetric surveying and beach profiling
were conducted on North Beach to study morphological adjustment of the shoreface to seasonally
changing conditions and to estimate net sand transport into (or out of) the study area. These data
will be used to:

(1) Infer circulation and sediment-transport patterns on the northern flank of the ebb-tidal delta,

(2) Develop and validate wave, current, and sediment-transport models near the entrance to
Grays Harbor, and

(3) Provide boundary conditions for littoral transport calculations.

1.4 Overview of This Report

This report describes data collected during the Spring 2001 Grays Harbor Sediment Transport
Experiment, and provides additional information needed to interpret the data. Two DVDs accom-
pany this report; both contain documentation in html format that assist the user in navigating
through the data.

DVDO1 contains a digital version of this report in .pdf format, raw Aquatec acoustic backscat-
ter (ABS) data in .zip format, Sonar data files in .avi format, and coastal processes and morphol-
ogy data in ASCII format. ASCII data files are provided in .zip format; bundled coastal processes
ASCII files are separated by deployment and instrument; bundled morphology ASCII files are
separated into monthly data collection efforts containing the beach profiles collected (or extracted
from the surface map) at that time; weekly surface maps are also bundled together.

DVDO?2 contains a digital version of this report in .pdf format, the binary data files collected by
the SonTek instrumentation, calibration files for the pressure sensors, and Matlab m-files for load-
ing the ABS data into Matlab and cleaning-up the optical backscatter (OBS) burst time-series data.

DATA COLLECTION METHODS

2.1 Experiment Overview

The spring 2001 experiment consisted of two parts—(1) a coastal processes experiment and (2)
beach morphology monitoring program. Figure 1 summarizes the types of data and time periods of
data collection associated with this experiment.

The processes experiment consisted of six tripods that were deployed in May 2001 on and around
the entrance to Grays Harbor, Washington, (fig. 2) to measure waves, tides, currents, and suspended-
sediment concentration. Tripod locations were designated according to their relative location along
the coast—(N)orth, (M)iddle, or (S)outh—and their relative depth—(D)eep, (S)hallow, or (I)nshore.
Thus ND refers to the northernmost, deeper location, MS refers to the middle, shallower location, and



MI refers to the middle inshore location. There were two tripods at the middle inshore site, designated
MIA and MIB. Tripod instrumentation is described in section 2.4.1.

The tripods were initially deployed May 4, 2001 (all dates and times are reported in Greenwich
Mean Time, GMT). Turnaround and retrieval dates are shown in tables 1 and 2. The fishing ves-
sel (F/V) Tricia Rae from Tokeland, Washington, was used throughout the experiment for tripod
deployment and retrieval and grab sampling and CTD collection at the tripod sites. Tripod deploy-
ment and sample locations were determined using an eight-channel Furno Navigator differential
Global Positioning System (DGPS), which used the differential signal from U.S. Coast Guard bea-
cons. Geographic positions are north latitude and west longitude, referenced to the North American
Datum of 1983 (NADS83). Coordinates are also reported in Washington State Plane (South Zone)
meters. The approximate depths reported in tables 1, 2, and 4 were collected from a fathometer
mounted on the ship and were recorded at the time of the deployment, retrieval, or sample collec-
tion without regard for tidal stage or datum. More accurate water depths can be retrieved from the
pressure data collected at each site.

To better understand the area being studied and the measurements that were collected it is
important to understand the regional setting. It is not the intention of this report to summarize all of
the data that has been collected in this area, but some are presented to provide background informa-
tion with which to view the spring 2001 measurements. The Grays Harbor directional wave buoy
No. 03601 is maintained by the Coastal Data Information Program (CDIP) and is moored in 42-m
water depth offshore of the southernmost site (SD) (fig. 2). Data collected by the CDIP buoy dur-
ing the time of the experiment are plotted in fig. 5 and can be downloaded from the CDIP web site
(http://cdip.ucsd.edu/). Meteorological data collected by the USACE during the period from
May through June, 2001, using a RM Young 27600 meteorologic station are also shown in
fig. 5. The station, designated M1, was placed on the U.S. Coast Guard watch tower in West-
port, Wash. (46° 54' 15.83" N, 123° 07" 16.27" W within 15 feet (4.6 m) horizontal) (fig. 2). Wind
data were collected at a height of 108 ft + 2 ft (32.9 m + 0.6 m) referenced to the North American
Vertical Datum of 1988 (NAVDS8S) or 90 feet + 2ft (27.4 m = 0.6 m) above the base of the tower.
However, the base of the tower is behind a sand berm that is probably 10 to 15ft (3.0-4.6 m) higher
than the tower base, which is 16.8 ft (5.1 m) NAVDS88. Bathymetric data (figs. 2, 3, and 4) and
multibeam backscatter data (Gelfenbaum and others, 2000) (fig. 3) are presented, as well as ortho-
photo mosaics (figs. 3 and 4) and their associated shoreline delineation (fig. 3).

In conjunction with the coastal processes measurements, a section of beach within the study
area was regularly surveyed in order to document seasonal morphological changes over the near-
shore (fig. 4). Beach morphology measurements were initiated on March 29, 2001, with a baseline
survey (table 3). Throughout the period of coastal processes data collection, dense topographic sur-
veying of the stretch of beach from the Grays Harbor North Jetty in Ocean Shores, Wash., to 4-km
north of the North Jetty was performed weekly. Offshore of this 4-km section of beach, monthly
surveys of nearshore bathymetry were collected along twenty 200-m-spaced transects. Beach pro-
files were also typically collected monthly along six cross-shore beach profile lines spaced at 1 km
intervals from 4 km north of the North Jetty to approximately 10 km north of the North Jetty. The
nearshore bathymetric components of these transects were often collected as well. A final survey
was performed one month following the completion of the processes experiment.

In the USGS Coastal and Marine Geology Program InfoBank, this data collection involved
three field activity IDs—T-1-01-WA, W-1-01-WA, and W-2-01-WA. Metadata for the respective
field activities are provided at the URLSs:

* http://walrus.wr.usgs.gov/infobank/t/t101wa/html/t-1-01-wa.meta.html,

* http://walrus.wr.usgs.gov/infobank/w/w101wa/html/w-1-01-wa.meta.html, and

* http://walrus.wr.usgs.gov/infobank/w/w201wa/html/w-2-01-wa.meta.html.
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Figure 2. Chart of the study area near Grays Harbor, Washington, showing sites where U.S. Geo-
logical Survey tripods were deployed and areas of morphologic data collection during the Spring
2001 Grays Harbor Sediment Transport Experiment. Also shown are the locations of the Grays Har-
bor directional wave buoy (Coastal Data Information Program—CDIP—buoy No. 03601) and the U.S.
Army Corps of Engineers (COE) meteorological data station (M1)located at the U.S. Coast Guard
watch tower in Westport, Wash. (ADVO—acoustic Doppler velocimeter; 0BS—optical backscatter
sensor; ADP—acoustic Doppler profiler; ADVF—acoustic Doppler Field velocimeter;ABS—acous-
tic backscatter system; PCADP—pulse-coherent acoustic Doppler profiler; NAD—North American
Datum; NOS—National Ocean Service).
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Figure 3. Bathymetric map of Grays Harbor, Wash., study area overlain with multibeam backscatter data
(Gelfenbaum and others, 2000). Surface sediment samples were collected throughout the study area. The
orthophoto mosaics and their associated shoreline delineation (average high water line) were created by
the U.S. Geological Survey—Washington State Department of Ecology Coastal Erosion Study from Wash-
ington State Department of Natural Resources aerial photography, mission SWC-99 flown on May 26, 1999.
(CDIP—Coastal Data Information Program).
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Figure 4. Map zoomed in to show the locations of the sediment samples taken in conjunction with the col-
lection of nearshore beach morphology data in March and May, 2001. The green-dashed box outlines the area
where surface maps were collected. The locations of bathymetric and topographic beach profiles are shown
respectively by orange and black-dashed lines. The ortho-photo mosaics and their associated shoreline delin-
eation (average high water line) were created by the U.S. Geological Survey—Washington State Department of
Ecology Coastal Erosion Study from Washington State Department of Natural Resources aerial photography,
mission SWC-99 flown on May 26, 1999.
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Figure 5. Time series of data collected by the Grays Harbor, Wash., Coastal Data Information Program buoy and the
U.S. Army Corps of Engineers meteorological station at Westport, Wash., during the time of the Spring 2001 Grays
Harbor Experiment. Wind stress was calculated according to Large and Pond (1981). °T—degrees from true north.



Table 1. Summary of the deployment and retrieval times and deployment locations for Deployment 1.

[Times are reported in GMT. The location and depth of the Coastal Data Information Program (CDIP) wave buoy are also
presented.]

Washington State Plane,

. North West Approx. South Zone Deployment Recovery

Site Latitude Longitude Depth . .

(m) Easting (m) Northing (m) Date Time Date Time
ND 47° 00.77' 124°14.78' 25 215265.3 193438.5 05/04/01 1538 06/05/01 2025
MD 46° 57.07° 124° 14.64' 24 215115.2 186593.1 05/04/01 2038 06/05/01 1948
MS 46° 56.85" 124°13.08' 13 217065.8 186085.7 05/04/01 2005 06/05/01 1932
MIA  46°56.70° 124° 11.49° 9 219073.0 185715.5 05/04/01 1408 06/05/01 1557
MIB  46°56.73' 124° 11.49° 9 219074.9 185769.1 05/04/01 1418 06/05/01 1607
SD 46° 52.41' 124°12.30° 24 217676.0 177813.8 05/04/01 2141 06/05/01 1701
CDIP  46°51.40° 124° 14.68' 41 214572.1 176094.5
Buoy

Table 2. Summary of the deployment and retrieval times and deployment locations for Deployment 2.

[Times are reported in GMT]

Washington State Plane,

Deployment Recover
st Nomh  West o Suhone o T y
Latitude Longitude (m) Easting Northing _
(m) (m) Date Time  Date Time

ND 47° 00.77° 124° 14.76' 25 215285.2 193442.3 06/08/01 0314  07/11/01 1625
MD 46° 57.05' 124° 14.68' 24 215065.4 186557.8 06/08/01 0228  07/11/01 1718
MS 46° 56.85’ 124° 13.08' 13 217066.3 186077.7 06/07/01 2142 07/11/01 2105
MIA 46° 56.72' 124° 11.48' 9 219082.5 185740.9 06/08/01 0158  07/11/01 2023
MIB 46° 56.74' 124° 11.49 9 219073.6 185779.4 06/07/01 2158  07/11/01 2029
SD 46° 52.41" 124° 12.36 24 2175941 177831.9 06/07/01 2053 07/11/02 1817

Table 3. Summary of beach morphology data collection.

Date Data Type Coverage

03/29/01 Bathymetric Beach Profiles Lines 5-20

03/29/01 Topographic Surface Map Surface Map

05/06/01 Bathymetric Beach Profiles Lines 1-20, 25, 30, 35, 40, 45, 50

05/06/01 Topographic Beach Profiles Lines 25, 30, 35, 40, 45, 50

05/06/01 Topographic Surface Map Surface Map

05/15/01 Topographic Surface Map Surface Map

05/21/01 Topographic Surface Map Surface Map

05/30/01 Bathymetric Beach Profiles Lines 1-20, 25, 30, 35, 40, 45, 50

05/30/01 Topographic Beach Profiles Lines 25, 30, 35, 40, 45, 50

05/30/01 Topographic Surface Map Surface Map

06/12/01 Topographic Surface Map Surface Map

06/20/01 Topographic Surface Map Surface Map

06/26/01 Topographic Surface Map Surface Map

07/03/01 Topographic Surface Map Surface Map

07/07/01 Bathymetric Beach Profiles Lines 1-20, 25, 30, 35, 40, 45, 50

07/07/01 Topographic Beach Profiles Lines 25, 30, 35, 40, 45, 50

07/07/01 Topographic Surface Map Surface Map

08/06/01 Bathymetric Beach Profiles Lines 1-20, 25, 30, 35, 40, 45, 50

08/06/01 Topographic Beach Profiles Lines 25, 30, 35, 40, 45, 50

08/06/01 Topographic Surface Map Surface Map
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2.2 Surface Sediment Samples

Grab samples of surface sediments were obtained using a Van Veen grab sampler over the sides
of the F/V Tricia Rae (TR; table 4) and the Coastal Profiling System (CPS; table 5). Samples were
obtained from each of the tripod deployment sites and several locations inshore (figs. 3 and 4). Sur-
face beach sediment samples were collected on May 7, 2001 (table 6).

Table 4. Visual and location descriptions of the surface sediment samples collected using a Van Veen grab sampler
aboard the F/V Tricia Rae.

Washington State Plane, South

Zone
. . . Date Approx. - -
Site Latitude Longitude Easting Northing Depth (m) Visual Description and Comments
(m) (m)
ND 47°00.75' 124°14.78 215256.1 193414.3 05/04/01 25 fine greyish-green sand, a lot of worms, 2mm shell.
MD 46° 57.09 124° 14.62 215145.3 186623.3 05/04/01 24 fine greyish-green sand, many worms, storm layer
visible (woody pieces and larger (~1mm) sand grains.
MS 46° 56.85' 124° 13.06 217093.4 186087.2 05/04/01 13 fine greyish-green sand, 1.5-3 inch sand dollars.
Ml 46° 56.75' 124° 11.47 219106.5 185813.6 05/04/01 9 fine greyish-green sand, 3 inch sand dollar.
SD 46° 52.38' 124°12.26 2177185 177764.8 05/04/01 24 fine greyish-green sand with some sand dollar

fragments, extreme amount of sand dollars.

Table 5. Visual and location descriptions of the surface sediment samples collected using a Van Veen grab sampler
from aboard the Coastal Profiling System (CPS).

Washington State Plane, South

Zone
Sample No.  Latitude Longitude Easting Northing Date Sgg:ﬁ?m) Visual Description and Comments

(m) (m)
610 46°57.31"  124°11.50°  219119.1 186849.0 03/30/01 8 Line 16 - fine greyish-green sand.
502 46° 57.21' 124°11.02 219706.9 186626.7 03/30/01 5 Line 15 - fine greyish-green sand.
505 46° 57.09' 124° 11.52 219068.6 186421.0 03/30/01 8 Line 14 - fine greyish-green sand.
514 46°56.83°  124°11.18'  219475.8 185937.7 05/06/01 6 Line 12 - fine greyish-green sand.
544 46° 56.85' 124° 1118 219467.9 185964.6 05/06/01 6 Line 12 - fine greyish-green sand.
543 46°56.85"  124°11.47° 2191233 186005.3 05/06/01 8 Line 12 - fine greyish-green sand.
542 46°56.68'  124°11.48' 2190728 185696.7 05/06/01 8 near MIB - fine greyish-green sand.
513 46° 56.83' 124° 11.87 218603.1 185994.4 05/06/01 10 Line 12 - fine greyish-green sand.
541 46° 55.73' 124° 11.07 219515.5 183915.9 05/06/01 6 Line 1 - fine greyish-green sand.
512 46° 57.40° 124°11.22 219489.3 186979.0 05/07/01 6 Line 17 - fine greyish-green sand.
511 46° 57.40° 124° 11.48 219150.0 187000.4 05/07/01 8 Line 17 - fine greyish-green sand.
525 46° 57.33' 124°11.80° 218736.3 186910.9 05/07/01 10 Line 17 - fine greyish-green sand.
536 46°5618"  124°11.78"  218671.9 185002.9 05/07/01 10 Line 7 - fine greyish-green sand.
535 46° 56 19' 124° 11.43 219100.8 185004.6 05/07/01 8 Line 7 - fine greyish-green sand.
534 46° 56.33' 124° 1113 219499.1 185000.1 05/07/01 6 Line 7 - fine greyish-green sand.
609 46° 56.30' 124°11.1% 219464.7 184953.7 07/08/01 6 Line 7 - fine greyish-green sand.
608 46° 56.30' 124°11.42 219140.8 184972.0 07/08/01 8 Line 7 - fine greyish-green sand.
602 46° 56.82' 124° 11.87 218598.2 185957.9 07/08/01 10 Line 12 - fine greyish-green sand.
no sample 46° 56.88' 124° 11.47 219110.6 186063.1 07/08/01 8 Line 12 - no sediment recovered, sand dollars only.

no sample 46° 56.87' 124° 11.21 219456.5 186007.7 07/08/01 6 Line 12 - no sediment recovered, sand dollars only.
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Table 6. Visual and location descriptions of the surface sediment samples collected during the CLAMMER (Coastal
All-terrain 15 Monitoring and Erosion Research vehicle) survey on May 7, 2001.

Washington State Plane,

South Zone
Sample . . Date Approx. - -
No. Latitude Longitude Easting Northing Elevation Visual Description and Comments
(m) (m) (m)
515 47°14.43 124° 39.73 220294.0 185006.4 05/07/01 4 Line 7 - fine greyish-green sand.
516 47°14.40 124° 39.73 220249.3 185003.4 05/07/01 2 Line 7 - fine greyish-green sand.
517 47°14.37 124° 39.73' 220187.7 184998.9 05/07/01 0 Line 7 - fine greyish-green sand.
518 47°14.48' 124° 38.95 220335.0 186010.7 05/07/01 4 Line 12 - fine greyish-green sand.
519 47° 14.45' 124° 38.93 2202817.8 186013.9 05/07/01 2 Line 12 - fine greyish-green sand.
520 47°14.42' 124° 38.93 220231.7 186017.0 05/07/01 0 Line 12 - fine greyish-green sand.
521 47°14.55' 124° 38.1%" 220429.0 187016.7 05/07/01 4 Line 17 - fine greyish-green sand.
522 47°14.52 124° 38.02 220353.1 186997.2 05/07/01 2 Line 17 - fine greyish-green sand.
523 47°14.48' 124° 38.02' 220309.2 187002.7 05/07/01 0 Line 17 - fine greyish-green sand.

2.3 Conductivity-Temperature-Depth (CTD) Profiles

Profiles of conductivity, temperature, and depth (CTD) were measured with a Sea-Bird SBE
19 SEACAT at each site at the beginning of each deployment of the tripod and upon retrieving the

tripod at the end of Deployment 2 (table 7).

The CTD sensor set-up was as described in the SBE 19 SEACAT manual, except that
an external Paros pressure sensor was mounted at a level approximately in the middle of the
conductivity tube, approximately 8 cm higher than the thermistor. There was no pump on the

conductivity sensor.

Table 7. Locations and times of the conductivity-temperature-depth casts.

Washington State Plane

South Zone
Site  North West ] ) Date Time
Latitude Longitude Easting Northing (GMT)
(m) (m)
ND 47°00.73' 124°14.77 2151715 193366.0 05/04/01 1542
MD  46°57.11 124° 14.60' 217102.8 186651.9 05/04/01 2041
MS 46° 56.86' 124° 13.06' 219132.2 186107.2 05/04/01 2019
MI 46° 56.73' 124° 11.45' 217696.0 185762.4 05/04/01 1446
SD 46° 52.40° 124°12.28' 215314.1 177804.2 05/04/01 2056
ND 47°00.73 124° 14.74' 215037.6 193367.5 06/08/01 0317
MD  46°57.02 124°14.70° 217037.6 186493.7 06/08/01 0231
MS 46° 56.82' 124°13.10° 219093.2 186028.2 06/07/01 2145
MIA  46°56.70’ 124° 11.47° 219083.9 185709.9 06/08/01 0201
MIB 46° 56.70° 124° 11.48 217642.2 185710.5 06/07/01 2201
SD 46°52.38' 124°12.32' 2152915 177765.6 06/07/01 2057
ND 47°00.75 124° 1475 215066.5 193395.0 07/11/01 1639
MD  46°57.08 124° 14.68' 217101.4 186604.6 07/11/01 1726
MS 46° 56.86' 124° 13.06' 219073.3 186111.3 07/11/01 2130
MI 46° 56.71" 124° 11.49’ 217616.6 185730.7 07/11/01 2037
SD 46° 52.43' 124°12.35' 2151715 177854.8 07/11/01 1824
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2.4 Coastal Processes Measurements

2.4.1 Instrumentation

Acoustic releases and secondary-retrieval buoy systems were deployed at the three deepwater
sites. Each tripod was deployed with an acoustic pinger to aid in the recovery of the tripod should
the primary or secondary retrieval systems fail. These systems were not utilized and will not be
discussed in detail in this report.

2.4.1.1 SonTek Acoustic Doppler Ocean Velocimeter (ADVO) Hydra Systems

Each SonTek acoustic Doppler Ocean velocimeter Hydra system (ADVO Hydra) incorporated
an ADVOcean acoustic Doppler velocimeter (ADVO), a serial Paroscientific digiquartz pressure
sensor (Paros), and two optical backscatter sensors (OBS) manufactured by D&A Instruments.
Serial numbers and sampling parameters are listed in table 8.

The ADVO is a 5-MHz single-point current meter that measures three components (for exam-
ple, east, north, and up) of velocity in a small, undisturbed volume approximately 16 cm from the
transmitter. Each ADVO also measures temperature and compass heading, pitch, and roll. All data
were recorded on an internal data logger housed in a separate pressure housing, and power was sup-
plied from an external battery canister.

The sampling scheme for the ADVO Hydra systems was identical for each system and each
deployment. The ADVO Hydra systems sampled continuously for 20 minutes and recorded at 2 Hz
(2,400 samples) every hour. The bursts were centered on the hour (that is, they began at HH:50:00).

The effects of biofouling are apparent in the OBS records collected by all the ADVO Hydra
systems during Deployment 1 with the exception of OBS 2 at Site SD; the ADVO Hydra system
OBS records from Sites MD, MS, and MIB were affected by biofouling during Deployment 2.
The compass in the ADVO deployed at Site ND was damaged either before the first deployment
or shortly after going in the water. The heading, pitch, and roll are all slightly off for both deploy-
ments. Therefore, the velocities, particularly vertical velocity, for both deployments should be
treated with caution.

Interference at radio frequencies can distort OBS signals when a pair of OBS are mounted close
together (within ~2 m) and logged on the same Hydra system, as was the case during this experiment.
The result is a sinusoidal oscillation superimposed on the instantaneous burst measurements. The
burst-mean values are unaffected by this problem, which is discussed in more detail in appendix F.

Table 8.—SonTek acoustic Doppler velocimeter Ocean (ADVO) Hydra system serial numbers (S/N) and
sampling parameters.

[(Paros—Paroscientific pressure sensor; 0BS—optical backscatter sensor)]

Site !rnst Deployment ':r?(}/ggf:n Paros 0BS1 0BS2 gzgplmg Burst Samples  Burst 5;2;‘1'
ype No. Logger S/N S/N S/N S/N (H2) Interval (s) Per Burst Length (s) System
ND ADVO 1 B45 66890 795 796 2 3600 2400 1200 XYz
2 B45 66890 795 796 2 3600 2400 1200 XYz
MD ADVO 1 B51 69130 1242 1135 2 3600 2400 1200 XYz
2 B51 69130 1242 1135 2 3600 2400 1200 XYz
MS ADVO 1 B167/B158 69128 928 1104 2 3600 2400 1200 XYZ
2 B158 69128 928 1104 2 3600 2400 1200 XYz
MIB  ADVO 1 B59 69181 1244 1429 2 3600 2400 1200 XYz
2 B59 69181 1244 1429 2 3600 2400 1200 XYZ
SD ADVO 1 B52 69180 1243 1428 2 3600 2400 1200 XYz
2 B52 69180 1243 1428 2 3600 2400 1200 XYz
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2.4.1.2 SonTek Acoustic Doppler Field Velocimeter (ADVF) Hydra Systems

Each SonTek acoustic Doppler Field velocimeter Hydra system (ADVF Hydra) incorporated
an ADVField acoustic Doppler velocimeter (ADVF), a frequency Paroscientific digiquartz pressure
sensor (Paros), and two optical backscatter sensors (OBS) manufactured by D & A Instruments.
Serial numbers and sampling parameters are listed in table 9.

The ADVF is a high-frequency (10 MHz) single-point current meter that measures three com-
ponents (for example, east, north, and up) of velocity in a small, undisturbed volume approximately
10 cm from the transmitter. The instrument’s ability to measure velocities at a high frequency (up
to 25 Hz) allows for turbulence measurements. Each ADVF also measures temperature and com-
pass heading, pitch, and roll. All data were recorded on an internal data logger housed in a pressure
housing that also housed the battery power supply. Frequency Paroscientific digiquartz pressure
sensors require a calibration file; the filename for each calibration is also listed in table 9, and the
calibration files are provided on the accompanying DVD, DVDO02.

During Deployment 1, the ADVF Hydra systems were set to sample continuously for 20 min-
utes and record velocities at 20 Hz (24,000 samples) and additional data at 10 Hz (12,000 samples)
every 2 hours. One of the ADVF, S/N 231, was damaged during the turnaround, so the sampling
scheme was changed for ADVF S/N 244 during Deployment 2. Additionally, the pressure sensor
deployed with ADVF S/N 244, S/N 60006, was replaced with S/N 60005, which had originally
been deployed with ADVF S/N 231. The ADVF Hydra system, during Deployment 2, sampled
continuously for 20 minutes at 10 Hz (12000 samples) every hour to provide additional data for
verification of the pulse-coherent acoustic Doppler velocimeter. The bursts, during both deploy-
ments, were centered on the hour (that is, they began at HH:50:00).

ADVF S/N 231 was synchronized with, and master to, ADVF S/N 244 and acoustic backscat-
ter system (ABS) No. 1 during Deployment 1. The trigger from ADVF S/N 231 was transmitted
through a cable connected to both the ABS and ADVF S/N 244. The receipt of the trigger initiated
data collection on the respective instruments.

Problems with a firmware upgrade to the ADVFs before deployment caused the ADVF Hydra
systems to not record pressure correctly during either deployment.

The OBS measurements collected by the ADVF Hydra systems were affected by both biofoul-
ing and the interference problem discussed previously and in appendix F.

Table 9. SonTek acoustic Doppler velocimeter Field (ADVF) Hydra system serial numbers (S/Ns) and sam-
pling parameters.

[(Paros—Paroscientific pressure sensor, 0BS—optical backscatter sensor)]

. ADVF Paros 0BS O0BS Samp Burst Samples Burst Coord-
Site  Inst Deploy- &Data  Paros  calibraton  No.l No2 Rate Interval Per Length Synced  jnate
Type mentNo.  |ggger  S/N Filename SIN SN (Hz)  (s) Burst (s) w/ SN System
SIN
MIA ADVF 1 231/G64  60005* T60005.drk* 829 830 20 7200 24000 1200 Masterto XYZ
Hydra S/N 244
& ABS
System
No.1
2 N/A N/A
ADVF 1 244/G62  60006* T60006.drk* 924 925 20 7200 24000 1200 Slaveto  XYZ
Hydra S/N 231
2 244/G62  60005* T60005.drk* 924 925 10 3600 12000 1200 none XYz

* Note: Firmware problems prevented correct pressure measurements.
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2.4.1.3 SonTek Pulse-Coherent Acoustic Doppler Profiler (PCADP) Hydra System

The SonTek pulse-coherent acoustic Doppler profiler Hydra system (PCADP Hydra) incorpo-
rated a pulse-coherent acoustic Doppler profiler (PCADP), a frequency Paroscientific digiquartz
pressure sensor (Paros), and two optical backscatter sensors (OBS) manufactured by D & A Instru-
ments. Serial numbers and sampling parameters are listed in table 10.

The PCADP measures velocities along three beams oriented 15 degrees from the vertical and
separated radially by 120 degrees. It was mounted about 1.3 m above the bed (before tripod set-
tling), looking down. The PCADP sampled at 1 Hz in 10-cm cells for 20 minute bursts every hour.
Bursts were centered on the hour (that is, they began at HH:50:00). Other sampling parameters are
shown in table 10.

Pulse-coherent systems use a pair of short pulses to measure velocities using the Doppler
principle, which makes it possible to measure velocity profiles with a higher spatial resolution (or
smaller cell size) than single-pulse acoustic Doppler profilers can achieve. The instrument emits
the pulses a short time s apart, and measures the phase shift between the reflected signal at time ¢
and at time 7 + t. The phase shift is determined only up to a multiple of 2, so the along-beam
velocity derived from it is determined only over a limited range. In other words, the pulse-coher-
ent method cannot by itself distinguish between velocities v and v + kV,, where k is any integer and
V., 1s the ambiguity velocity. The ambiguity velocity is inversely related to the maximum distance
from the transducer at which measurements are made (the profiling range). Computed velocity, v,
lies in the range -V, /2 < v <V, /2. If the actual velocity is outside this range, the difference between
the computed and actual velocity is called ambiguity error. For a more detailed description on the
operation and accuracy of the PCADP see Lacy and Sherwood (in press).

Even in boundary layer applications where the profiling range is relatively short, the range
of velocities that are measured unambiguously by pulse-coherent systems is too limited for many
wave-dominated environments. For example, assuming a beam 15° from vertical and a 1-m pro-
filing range, V, /2 = 19 cm/s for along-beam velocities. In terms of an east/north/up coordinate
system, horizontal velocities outside the range +73 cm/s produce ambiguity errors.

SonTek’s approach to resolving ambiguity errors relies on a pulse pair, called the resolution
pulse, emitted by the PCADP at the beginning of each set of profiling pings. It measures along-
beam velocities in a 10-cm cell at a user-specified distance that is less than the profiling range,
so its ambiguity velocity is greater than that of the profiling pings. The velocity measured by the
resolution pulse (called the resolution velocity) is used to detect ambiguity errors in the profile
velocities (fig. 6). The resolution pulse extends the range of velocities that can be measured unam-
biguously, but if actual velocities exceed the ambiguity velocity of the resolution pulse, the error
cannot be detected.

The resolution cell should, in principle, be as close as possible to the transducer because the
ambiguity velocity is inversely proportional to the measurement range. In practice we found that
the resolution velocities were too noisy to reliably identify ambiguity errors if the resolution cell
was too close to the transducer. We used a resolution pulse with a blanking distance of 24 cm and
arange of 49 cm, which positions the 10-cm resolution cell 24 to 34 cm from the transducer. The
range must be greater than the maximum extent of the resolution cell to ensure separation of the
reflections of the two pulses. The profiling range was approximately 1 m, so the resolution pulse
increased the range of measurable velocities by about a factor of two (table 10).

The PCADP also measured and recorded water temperature and compass heading, pitch, and
roll. Power was supplied from a separate battery canister. Frequency Paroscientific digiquartz
pressure sensors require a calibration file; the filename for each calibration is listed in table 10, and
the calibration files are provided on DVDO02 accompanying this report.
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The pressure sensor deployed with the PCADP Hydra system was damaged during Deploy-
ment 1, therefore, a different frequency Paros pressure sensor was deployed with this system
during Deployment 2. During Deployment 2, the PCADP was supposed to provide a trigger for
ABS System No.1 data collection, but due to an oversight in programming the PCADP, the sync
did not work.

The OBS measurements collected by the PCADP Hydra system were affected by both bio-
fouling and the interference problem discussed previously and in appendix F.

PCADP raw binary files and burst means of select parameters are supplied on the accompa-
nying DVDs; see appendix D.3 for details. Pressure burst means have been corrected for atmo-
spheric pressure using the methods described for the PCADP in section 2.4; heading has not been
corrected to true North. Bursts that do not meet quality control criteria, as described in section
3.3, are not included in the ASCII data file.

Table 10. SonTek pulse-coherent acoustic Doppler velocimeter (PCADP) serial
numbers (S/Ns) and sampling parameters.

[(Paros—Paroscientific pressure sensor; 0BS—optical backscatter sensor)]

Parameter Deployment 1 Deployment 2
PCADP probe and logger serial number H40/G136 H40/G136
Paros serial number 70136 66917
Frequency Paros calibration file P70136.drk T66917.drk
0BS 1 serial number 694 694

0BS 2 serial number 794 794
Coordinate System Beam Beam
Cell size (m) 0.108 0.094
Blank distance (m) 0.10 0.10
Number of cells 8 8
Averaging interval (s) 1.0 1.0
Profile interval (s) 1.0 1.0

Ping interval (s) 0.0 0.0

Burst interval 3600 3600
Profiles per burst 1200 1200
Pulse length (m) 0.02 0.02
Maximum range (m) 0.88 0.76
User pulse lag (m) 0.90 1.00
System pulse lag (m) 1.09 0.97
User resolution lag (m) 0.45 0.45
System resolution lag (m) 0.46 0.49
Minimum correlation level (%) 25 25

Synchronized w/ S/N and Instrument none Master to ABS System No.1
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Figure 6. Times series of measured resolution velocity from burst 6, Deployment 1 for each beam
of the pulse-coherent acoustic Doppler velocimeter (PCADP) from data collected at Site MIA. Time
is seconds since beginning of burst. The thick red line is the resolution velocity, the blue line is the
velocity in cell 2, which is the closest cell to the resolution cell. The dashed lines show the range of
velocities that can be measured in the profiling cells (such as cell 2) without ambiguity errors. The
range that can be measured by the resolution velocity cell is greater, so when water velocities have
magnitudes outside the dashed lines, the resolution velocity differs from the cell 2 velocity, and can
be used to correct the profile velocities. However, the resolution velocity is noisy. All velocities in
this plot are along-beam velocities.
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2.4.1.4 SonTek Acoustic Doppler Profiler (ADP)

SonTek acoustic Doppler profilers (ADPs) measure profiles of three velocity components (for
example, east, north, and up) throughout the water column. Profiles were collected for 10 minutes
every 30 minutes. Vertical cell size was 0.5 m, starting 0.4 m from the transducer. Data were col-
lected for 65 cells, up through the water column and past the level of the water surface. The instru-
ments were set to measure as often as possible, and averaged profiles were recorded every half
hour. The start time on the instrument was set so that the profiles were centered exactly on the hour
and half-hour (that is HH:55:00).

Two of the ADPs were equipped with internally mounted Druck pressure sensors and SonPro
wave measurement software. Burst measurements of pressure (for wave and tide information) were
to be collected with every other current profile; however, an incompatibility between the pressure
sensor and software prevented the data from being collected. Sampling parameters are shown in
table 11 for reference. Calibration information for the Druck pressure sensors are in the files speci-
fied in table 11 and are located on DVDO02 accompanying the report.

The ADPs also measured and recorded water temperature, and compass heading, pitch, and
roll. Power was supplied from a separate battery canister. The same instruments and sampling
scheme were used for both deployments. ADP sampling parameters are summarized in table 11.

Table 11. SonTek acoustic Doppler profiler (ADP) serial numbers and sampling parameters.

Parameter ND-Dep 1 ND-Dep 2 MD-Dep 1 MD-Dep 2 SD-Dep 1 SD-Dep 2
ADP Serial Number C134 C134 4081 4081 C132 C132
Druck calibration file 958200.drk 958200.drk N/A N/A 995410.drk 995410.drk
Cell size (m) 0.50 0.50 0.50 0.50 0.50 0.50

Blank distance (m) 0.40 0.40 0.40 0.40 0.40 0.40
Number of cells 65 65 65 65 65 65
Averaging interval (s) 600 600 600 600 600 600

Profile interval (s) 1,800 1,800 1,800 1,800 1,800 1,800

Ping interval (s) 0.0 0.0 0.0 0.0 0.0 0.0
Coordinate System ENU ENU ENU ENU ENU ENU
Wave Sampling Parameters:

Wave series type PUV_Series PUV_Series N/A N/A PUV_Series PUV_Series
Record Waves every X profiles 2 2 2 2

Wave burst sampling rate (Hz) 2 2 2 2

Number of samples per burst 2,048 2,048 2,048 2,048
Length of burst (s) 1,024 1,024 1,024 1,024
User resolution lag (m) 0.40 0.40 0.40 0.40
System resolution lag (m) 0.40 0.41 0.41 0.42
Maximum vertical velocity (m/s) 0.96 0.94 0.94 0.92
Maximum horizontal velocity (m/s) 2.28 2.22 2.22 2.17
Minimum correlation level (%) 25 25 25 25

2.4.1.5 Aquatec Acoustic Backscatter System (ABS)

The Aquatec acoustic backscatter system (ABS) measures profiles of backscatter intensity
(related to suspended sediment) at three acoustic frequencies (1.0, 2.5, and 5.0 Hz) to a distance of
approximately 1.28 m in approximately 1-cm bins or cells. The transducers were mounted down-
ward looking in a triangular arrangement with the center of the transducers approximately 8 cm
apart. The battery supply and data logger were contained in separate pressure casings. Sampling
occurred at 64 Hz with an average profile recorded once every second. Profiles were collected for
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30 minutes every hour (1,800 profiles). The start time on the instrument was set so that bursts were
centered on the hour (that is, they began at HH:45:00). Gain was set on high and time-varying gain
was on.

The ABS at Site MIA, System No.1, was triggered by ADVF S/N 231, which also triggered
ADVF S/N 244 during Deployment 1. Although the trigger from the ADVF came every two hours,
the ABS was programmed to burst every hour. Therefore, a burst was collected even in the off
hours of the ADVFE. During Deployment 2, this ABS was supposed to be triggered by the PCADP,
but due to an oversight the synchronization did not occur. Nevertheless, the ABS collected bursts
every hour.

The ABS saves a binary file after each burst. The structure of the filename is the date and
time of the start of the burst in the following format: YYYYMMDDHHMMSS. The file exten-
sion is .aqa if the ABS started data collection on its own or .aqf if data collection was triggered
via the synchronization cable. The ABS files are provided on DVDO1. In order to organize the
large volume of ABS data files, the files have been organized by deployment and week, with
each deployment split into 5 week-long segments. The week-long groupings of the binary data
files are packaged as .zip files.

A Matlab m-file, LoadABS.m that reads the ABS binary files into Matlab is included on
DVDO02. (LoadABS.m is functionally the same as the 10/16/2003 version of readaga_oleg.m.)
This m-file is provided as an example for users. The validity and usability of the m-file is in no way
guaranteed; use is at your own risk.

Lab calibration of the ABS revealed that cell 128, the cell furthest from the transducer, is
actually 118 cm away from the transducers, not 128 cm. Therefore, the first 10 cells of the ABS
record should be ignored, and cell 10 should be treated as 1 cm away from the transducer. The
ABS results are reported in arbitrary units. Calibrations with suspended sediment are needed to
convert these units to a concentration. The USGS is currently developing methods to perform
such calibrations.

Table 12 Aquatec acoustic backscatter system (ABS) serial numbers
and sampling parameters.

[(ADVF—acoustic Doppler Field velocimeter; PCADP—pulse-coherent acous-
tic Doppler profiler; S/N—serial number)]

Parameter MIA MS
ABS Serial Number 278-017 278-018
System Number System No.1 System No.2
Frequencies All three All three
Storage Resolution 16 bit 16 bit
Mode Fore Fore
Gain Low Low
Sample rate (Hz) 64 64
Samples per average 64 64
Burst duration (min) 30 30
Logger mode Auto Auto
Inter burst interval (min) 60 60
Synchronized with Instrument - Deployment 1 ADVF S/N 231 none

Synchronized with Instrument - Deployment 2 PCADP S/N H40 none
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2.4.1.6 Imagenex Imaging and Profiling Sonar

Rotating-head sonars mounted on a tripod collected images of the bottom. Imaging and pro-
filing sonar images provided a picture of the seabed that allowed for the measurement of ripple
lengths and orientations. In contrast to vessel-deployed side-scan sonars, mounted sonars allow the
collection of an extended time series of images. Their proximity to the bed allows use of higher
frequency sound, which is capable of producing higher resolution images. Mounted units rarely
experience noise from platform motion.

The rotating head sonar system used in this study included an Imagenex model 858 sonar
controlling two model 855 sonar heads. An Onset Computers Corporation Tattletale Model 8
data-logging system turns the sonar on and off and instructs the controller to switch between the
two heads. The sonar controller stores data to a small computer system interface (SCSI) hard drive
in a proprietary format. Figure 7 shows the location and orientation of the two sonar heads on the
tripod. The imaging head produces a fan beam and rotates about a vertical axis, producing a plan
view image of the sea floor (bottom left image in fig. 7). The profiling head produces a narrow
conical bean and rotates about a horizontal axis producing a profile of the bed (upper left image in
fig. 7). Both transducers emit sound at 2.25 MHz. They rotate through 360 degrees producing 400
and occasionally 600 shots. Each shot is comprised of 2000 points collected at 200 ksamples/sec
for a range of 7.5 meters. The sonars collected images every 2 hours, but a data logger problem
resulted in the intermittent loss of numerous frames.

Batteries and data logger were each housed in separate pressure casings. Instrument settings
are summarized in table 13.

Imaging sonar

Figure 7. Orientation and arrangement of sonar instrumentation during Deployment 1 overlaid on example images
from May 13, 2001. Location of tripod feet are shown with colors matching the tape on the legs. The green dashed
line is the approximate trace of the profiler (located at pale green dot). The dashed grey circles indicate ranges of
1 and 2 meters from a point on the seabed located below the fan-beam transducer.
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Table 13. Imaging and profiling sonar sampling parameters.

Parameter Deployment 1 Deployment 2

Burst Period 2 hours 2 hours

Shots per Rotation 400-600 400-600

Range 7.5 meters 7.5 meters
Number of points per shot 2,000 2,000

Rate 200 ksamples/sec 200 ksamples/sec

2.4.1.7 D&A Optical Backscatter Sensors (0BS)

Optical backscatter sensors (OBS) were deployed on each tripod at all sites to provide esti-
mates of suspended sediment concentration. The gain of the OBS was set at mid-range, out of
three possible coarse gain settings.

The OBS signal is an analog voltage ranging from O to 5 V. This analog signal is converted to
a digital output ranging from O to 65535 counts by 16-bit analog-digital converters within the indi-
vidual Hydra systems. This reading of the OBS is then recorded in counts by the Hydra system.
Calibration of the A/D converter in each Hydra system was performed; the results are presented in
appendix E.1. This calibration is specific to the A/D converter and therefore specific to a particular
Hydra system, not a particular OBS.

OBS respond differently depending on the type and size distribution of sediment suspended
within its sampling volume (D&A Instrument Co., 1991). Therefore, a calibration for each
OBS was performed with sediment collected at the site where each OBS was deployed. This
calibration allows for the conversion of the digital value recorded by the Hydra system, counts,
to estimates of suspended sediment concentration in kg/m?. The results of this calibration are
presented in appendix E.2.

2.4.2 Tripods

The frames of the five tripods deployed at Sites ND, MD, MS, MIB, and SD were identical
(figs. 8, 11, and 16). They were constructed of welded aluminum tubing with an outside diameter
of 7.62 cm, and were approximately 2.5 m high and 3 m wide. The lower crossbars were placed
high on the tripods (106 cm above ground, approximately 30 cm above the ADVO sampling vol-
umes) to minimize flow disturbance and bottom scour. The circular feet had a diameter of 30.5 cm
and were ballasted with removable cylindrical lead weights (diameter = 34.3 cm; height = 11.4 cm)
weighing approximately 113 kg in air.

The frame of the tripod deployed at Site MIA was constructed of welded stainless steel tubing
of various sizes. The legs were made from a tubing with an outside diameter of 4.23 cm. Crossbars
provided additional support to the 3 main legs. The lower crossbars and upper frame of the tripod
were constructed of a cylindrical tubing with a 2.54 cm outer-diameter, where as the upper cross-
bars were constructed of 2.57 cm square tubing. The tripod, including lead feet, was approximately
2.46 m high and 2.92 m wide (fig. 13). Two 2-cm-thick plastic panels were mounted horizontally at
heights of 1.65 and 1.91 m. Aluminum channels, to which battery cases and data loggers could be
attached, were mounted on the plastic platforms. Instruments were mounted such that their sampling
volumes would be at least 30 centimeters away from the lower platform. The removable square lead
feet were 34.0 cm on each side and 7 cm tall, weighing approximately 68 kg i